INTRODUCTION
============

Tuberculosis (TB) is an important cause of morbidity and mortality worldwide, especially in Asia and Africa. Estimates of the global disease burden caused by TB during 2009 were 9.4 million incident cases, 14 million prevalent cases, and 1.7 million deaths ([@B1]). Delays in the diagnosis and treatment of tuberculosis are associated with increased morbidity and mortality because of *Mycobacterium tuberculosis* ([@B2]-[@B4]).

Fluoroquinolones have been widely used to treat pneumonia, including community-acquired pneumonia (CAP), because they have excellent activity against a wide variety of respiratory tract pathogens ([@B5]). The antimicrobial activities of respiratory quinolones also extend to *M. tuberculosis*, and they are recommended as part of drug regimens for treating rifampin-resistant TB ([@B6], [@B7]). However, the anti-TB activity of respiratory quinolones may cause problems during the treatment of CAP in TB endemic areas because fluoroquinolones can mask TB, which might be associated with delays in the diagnosis and treatment of TB ([@B4], [@B8]-[@B11]). Quinolones also have different in vitro anti-TB activities. The fourth-generation fluoroquinolone, gemifloxacin, retains the antibacterial activity spectrum of classic fluoroquinolones, but it has a relatively low in vitro activity against *M. tuberculosis* ([@B12]-[@B14]). However, the clinical implication of using quinolones with different in vitro activities against *M. tuberculosis* has not been validated in terms of their masking of TB. Based on in vitro evidence that gemifloxacin might not mask TB during the treatment of CAP, this study was performed to evaluate the clinical effects of gemifloxacin on delaying the treatment of TB compared with other quinolone and nonquinolone antibiotics that are used for treating CAP.

MATERIALS AND METHODS
=====================

This study included adult patients aged over 18 yr who had been treated with antibiotics for more than three consecutive days after an initial assessment of CAP followed by a later diagnosis of pulmonary TB. Patients were recruited from two hospitals affiliated with Seoul National University, i.e., Seoul National University Hospital and Seoul National University Bundang Hospital. TB was confirmed microbiologically by culture studies from January 2003 to December 2010. We excluded subjects who were treated with antibiotics such as amoxicillin, which have definite or uncertain anti-TB activity ([@B15], [@B16]).

The case group was defined as patients who had been treated with gemifloxacin prior to the administration of anti-TB drugs, while the control groups included patients who were treated initially with other fluoroquinolones or nonfluoroquinolone antibiotics. Controls were matched for age and sex in each case group. The symptoms and pharmaceutical records were reviewed for each patient using their medical records. Serial radiographs were also reviewed.

We determined the time intervals from the initiation of antibiotics until the administration of anti-TB medications, as well as any symptomatic improvements and the time when any radiologic changes were apparent after treatment with gemifloxacin, other fluoroquinolone, and nonfluoroquinolone group. Symptomatic improvement was recorded when more than one of the following symptoms was improved: febrile sensation, coughing, dyspnea, general weakness, and pleuritic chest pain. Radiographic improvement was defined when radiographic improvement was detected in a follow-up chest radiograph within 1-4 weeks of antibiotic treatment.

Statistical analysis was performed using the software package SPSS® (Version 17.0, Chicago, IL, USA). Comparisons among groups were conducted using Fisher\'s exact test for categorical variables. For continuous variables, the Mann-Whitney U-test was applied to make comparisons between two groups, and the Kruskal-Wallis test among three groups. Statistical significance was determined at *P* \< 0.05.

Ethics statement
----------------

This study was approved by the institutional review board of Seoul National University Hospital (H-1106-014-364) and Seoul National University Bundang Hospital (B-1107/132-106). Informed consent was not required because this study was performed retrospectively.

RESULTS
=======

Sixteen patients were treated with gemifloxacin for suspected bacterial CAP prior to their diagnosis with TB. Sixteen and 32 patients were treated with fluoroquinolones other than gemifloxacin and nonfluoroquinolone antibiotics, respectively, and were matched for age and sex. Their median age was 63 yr, and 48 (75%) were male ([Table 1](#T1){ref-type="table"}). The clinical characteristics of the cases and controls are summarized in terms of their symptoms in [Table 2](#T2){ref-type="table"}, and their radiographic results in [Table 3](#T3){ref-type="table"}. There were no differences in the symptomatic and radiographic characteristics among the three groups.

The median time interval from the initiation of antibiotics until the administration of anti-TB medications was nine days (range, 7-72 days) in the gemifloxacin group, which was significantly less than the other fluoroquinolones group (median, 35 days; range, 14-72 days; *P* = 0.012) ([Fig. 1](#F1){ref-type="fig"}). The median time interval for the nonfluoroquinolone group was 7 days (range, 3-63 days), which was not significantly different from the gemifloxacin group (*P* = 0.148).

The proportions of subjects with symptomatic improvements did not differ statistically among the three groups. However, the symptoms of patients appeared to be relieved more frequently when treated with fluoroquinolones rather than nonfluoroquinolones ([Fig. 2](#F2){ref-type="fig"}).

Seven patients (44%) in the other fluoroquinolones group had improved follow-up radiographs, while four patients (25%) had improvements in the gemifloxacin group. The proportion of patients with radiographic improvements did not differ between the gemifloxacin and nonfluoroquinolones groups ([Fig. 3](#F3){ref-type="fig"}). However, the frequency of radiographic improvement in the other fluoroquinolones group tended to be higher than in the gemifloxacin group. Radiographic improvement was observed in only 12% of patients treated with nonfluoroquinolone antibiotics.

Even after adjusting with age, sex, and the duration of antibiotics, the impact of antibiotics group in order of other fluoroquinolones, gemifloxacin, and non-fluoroquinolone antibiotics on the frequency of radiographic improvement was statistically significant (*P* = 0.036) as well as the delay in the administration of anti-TB medication (*P* = 0.037).

DISCUSSION
==========

This study aimed to elucidate whether the different in vitro activity of gemifloxacin against *M. tuberculosis* compared with other fluoroquinolones was replicated in clinical settings in a country where TB is endemic. This study investigated the clinical effects of gemifloxacin on delaying TB treatment to determine whether they were different from other fluoroquinolones. Gemifloxacin was similar to nonfluoroquinolone antibiotics in terms of the time interval between the initial antibiotic treatment and the administration of anti-TB medications.

The results of this study are expected to have several clinical implications. The primary outcomes of this study demonstrated that there was no difference in terms of the antimycobacterial activity of gemifloxacin between the results of the in vitro study and those obtained in a human population. Fluoroquinolones are known to mask TB, which might cause delays in its diagnosis and treatment ([@B4], [@B8]-[@B10]). Thus, clinicians in areas where TB is endemic may be reluctant to prescribe respiratory fluoroquinolones to treat suspected pneumonia ([@B8], [@B9]). This clinical validation of the relatively low activity of gemifloxacin against *M. tuberculosis* might help alleviate the concern of clinicians that it could delay TB treatment, especially in areas where TB is endemic.

Previous studies have reported differences among the different classes of fluoroquinolones in terms of their in vitro antimicrobial activity against *M. tuberculosis* ([@B12], [@B13], [@B17]). Ruiz-Serrano et al. ([@B12]) tested the susceptibility of 250 *M. tuberculosis* isolates to ciprofloxacin, ofloxacin, levofloxacin, and gemifloxacin. Levofloxacin, ciprofloxacin, and ofloxacin had good activity (minimal inhibitory concentration, MIC) in 90% of the strains tested (MIC~90~=1-2 µg/mL), whereas gemifloxacin had lower in vitro activity, with an MIC~90~ of 8 µg/mL. Tan et al. reported that the MICs of fluoroquinolones tested against multidrug-resistant (MDR) TB and non-MDR TB isolates increased in the order: moxifloxacin, levofloxacin, ciprofloxacin, and gemifloxacin. Among the fluoroquinolones tested, levofloxacin and moxifloxacin had the lowest MICs with *M. tuberculosis* and, in most cases, the levofloxacin and moxifloxacin MICs were at least 16 times lower than those of gemifloxacin ([@B13]). These differences may be attributable to the quinolone structure-activity relationship. The two major groups of the quinolones are classified according to their basic structure, i.e., quinolones and naphthyridones. The presence of a nitrogen at position 8 characterizes naphthyridones, whereas a carbon and an associated group at position 8 characterizes quinolones ([@B18]). The naphthyridone structure of gemifloxacin was shown to be a negative factor in a quantitative study of its structure-activity relationship with antimycobacterial activity ([@B17]), which might explain its poor anti-TB activity. Additional differences in the mode of inhibition of their targets by quinolones might explain their variable activity. The activity of quinolones is believed to target DNA gyrase in *M. tuberculosis*, which results in the inhibition of DNA supercoiling and the disruption of DNA replication. Gemifloxacin had a low inhibitory activity against *M. tuberculosis* DNA gyrase, with 50% inhibitory concentrations against DNA gyrase of \>10 µg/mL ([@B19]).

However, the results of in vitro susceptibility testing are not always replicated in real clinical settings. The MIC for penicillin-resistant *Streptococcus pneumoniae* may also fail to elicit an adequate therapeutic response in cases of pneumonia ([@B20], [@B21]). Therefore, it is mandatory to validate the in vitro response of the human population to determine the clinical application spectrum of new drugs. The results of the current study showed that there was no disparity between the in vitro results and those obtained in a human population in terms of the antimycobacterial activity of gemifloxacin.

We evaluated the effects of antibiotics on clinical outcomes in terms of improved symptoms and radiographic findings as well as the time delay until the administration of anti-TB medication. The radiographic findings indicated major improvements in all three groups after treatment with nongemifloxacin fluoroquinolones, which may delay the treatment of pulmonary TB. Therefore, this may merit concern about the masking of pulmonary TB in CAP patients treated with nongemifloxacin fluoroquinolones. These findings are consistent with previous reports ([@B4], [@B8]-[@B10]). However, there were no statistical differences in the symptomatic and radiographic improvements in CAP with gemifloxacin compared with nonquinolone antibiotics.

Because the antimycobacterial activity of antibiotics increases in strength in the order: nongemifloxacin fluoroquinolones, gemifloxacin, and nonquinolone antibiotics, there was no time delay in the gemifloxacin group than nongemifloxacin fluoroquinolones group.

This study reports clinically significant findings, but several limitations need to be considered. First, only a limited number of pulmonary TB cases were treated with gemifloxacin during recent clinical practice, which means that the small sample size may have failed to detect any differences between gemifloxacin and other respiratory quinolones in terms of symptomatic and radiographic improvements. The retrospective study design also had limitations in explaining the overall story of gemifloxacin efficacy against pulmonary TB. Therefore, questions remain about the safe treatment duration for gemifloxacin without masking TB, and any different clinical effects of gemifloxacin on extrapulmonary TB or MDR TB, which should be addressed by further prospective studies.

Gemifloxacin has low activity against *Mycobacterium tuberculosis* in clinical setting. Therefore gemifloxacin might be the preferred fluoroquinolone for treating CAP, to alleviate any concerns about masking the diagnosis or delaying the treatment of pulmonary TB in countries where TB is endemic.
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![The time interval from the initiation of antibiotics until the administration of anti-TB drugs. The median time intervals from the initiation of antibiotics until the administration of anti-TB medications were nine days (range, 7-72 days) in the gemifloxacin group, 35 days in the other fluoroquinolones group (range, 14-72 days) and 7 days in the nonfluoroquinolone group (range, 3-63 days). ^\*^*P* value \< 0.05.](jkms-28-378-g001){#F1}

![Differences in the proportions of patients with symptomatic improvements. Symptomatic improvement was defined when more than one symptom of the followings was improved: febrile sense, cough, dyspnea, general weakness and pleuritic chest pain. The proportions of subjects with symptomatic improvements were 50% in the gemifloxacin group and the other fluoroquinolones group and 31% in the nonfluoroquinolone group.](jkms-28-378-g002){#F2}

![Differences in the proportions of patients with radiographic improvement. Radiographic improvement was defined when radiograhic improvement was detected on a follow-up chest radiograph within 1-4 weeks after antibiotic treatment. Seven patients (44%) in the other fluoroquinolones group had improved follow-up radiographs, while four patients (25%) had improvements in the gemifloxacin group. Radiographic improvement was observed in only 12% of patients treated with nonfluoroquinolone antibiotics. ^\*^*P* value \< 0.05.](jkms-28-378-g003){#F3}
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